By REGINALD P. BR1GGS
ABSTRACT Past land-use practices, including mining, in Allegheny County, Pa., have resulted in three principal environmental problems, exclusive of air and water contamination. They are flooding, landsliding, and subsidence over underground mines. In 1973, information was most complete relative to flooding and least complete relative to landsliding.
Accordingly, in July 1973, the U.S. Geological Survey (USGS) and The Appalachian Regional Commission (ARC) entered into an agreement by which the USGS undertook studies chiefly aimed at increasing knowledge of landsliding and mine subsidence relative to land use, but having other ramifications as well, as part of a larger ARC "Land-use and physical-resource analysis" (LUPRA) program. The chief geographic focus was Allegheny County, but adjacent areas were included in some investigations.
Resulting products, exclusive of this report, are:
1. Forty-three provisional maps of landslide distribution and susceptibility and of land modified by man in Allegheny County, 1:24,000 scale, 7%-minute quadrangle format, released to open files.
Four USGS Miscellaneous Field Studies (MF) maps
of Allegheny County showing (a) bedrock, MF-685A; (b) susceptibility to landsliding, MF-685B; (c) coal-mining features, and (d) zones that can be affected by flooding, landsliding and undermining, MF-685D; all at the scale of 1:50,000. 3. Two MF maps showing coal-mining activity and related information and sites of recorded mine-subsidence events, and one MF map classifying land surface by relative potentiality of mine subsidence, in Allegheny, Washington, and Westmoreland Counties, Pa., at a scale of 1:125,000 MF-693A through MF-693C. 4. A companion report to the Allegheny County map of susceptibility to landsliding USGS Circular 728. 5. Five MF maps, largely in chart form, describing interaction of the shallow ground-water regime with mining-related problems, landsliding, heavy storm precipitation, and other features and processes, largely in Allegheny County MF-641A through MF-641E. Map products are directly applicable to general classification of land for susceptibility to landsliding and mine subsidence and, to a lesser extent, flooding and engineering characteristics. The hydrogeologic charts enable greater understanding of environmental effects of ground water. All products are guides to expected conditions, but none are substitutes for detailed investigations of specific sites by competent technical personnel on the ground.
Specific results and findings are: 1. Knowledge of susceptibility to landsliding in Allegheny County now is adequate for application to countywide land-use planning. 2. About 110 mi2 (285 kma), or 15 percent, of the county has some significant degree of susceptibility to landsliding. 3. Although a general classification of land in Allegheny, Washington, and Westmoreland Counties relative to mine-subsidence incidents was prepared, data are wholly inadequate for even moderately precise prediction of subsidence events over previously mined-out areas; the accumulation of adequate data might not repay the effort in terms of damage prevention. 4. Commonwealth-of-Pennsylvania regulations have been very successful in limiting mine-subsidence damage over areas mined after 1966. 5. Undermining and consequent subsidence may have affected the ground-water regime more widely than heretofore believed. Except for the earth-disturbance inventory that resulted in the maps of susceptibility to landsliding and man-modified land, methods used in the studies largely were conventional. The inventory and ensuing analysis combined aerial photographic interpretation with field work and incorporation of existing data. The method worked very well for the purposes of defining 'distribution of landslides and areas having different susceptibilities to landsliding. However, if susceptibility to landr sliding alone had been the goal, this could have been determined adequately by using photographs at smaller scales and appreciably less expenditure of effort per unit of ground area.
THE SETTING
Allegheny County ( fig. 1) , centered around Pittsburgh, Pa., has become over the last two centuries one of the important industrial centers of the United States, largely because of an original abundance of environmental resources : rivers and streams for transportation and water supply, timber for construction material, fuel and charcoal for the early iron furnaces, iron ore and limestone for the iron and steel industry, coal for fuel and coking, oil and gas, and others. These resources strongly counterbalanced the unfavorable configuration of the land surface, which is characterized by streams flowing in narrow steepsided valleys at levels commonly 300 feet and locally more than 600 feet below intervening ridges, each ridge about the same height as its neighbor. In the early days of development, accessible flat-lying land therefore was limited to narrow flood plains, and these soon largely were preempted by industry for access to water power, water supply, and water transportation, and by railroads for access to industry and because of grade requirements. Residential and, to some extent, commercial development thus was forced to occupy adjacent slopes. This restricted condition prevailed until about 1900, but thereafter, development also spread along ridge crests, largely because of the trolley and the automobile which made the uplands generally and economically accessible.
Allegheny County today (1975) retains the impress of this topographically controlled development, for the majority of the county's 1,600,000 people still live and work in congested valleys or on their slopes. Ridge-top areas, however, also are widely developed, largely for low-density residential uses, particularly in the east and south. By U.S. Bureau of Census definition, about 430 mi2 (1,114 km2 ) (60 percent) of the county's 728 mi2 (1,886 km2 ) were considered urbanized in 1970 ( fig. 2) .
Of the original resources, rivers and streams remain, although modified extensively by locks, dams, and other works and affected by urban and industrial contamination. Timber as an economic resource has disappeared from the county, although the lumber industry remains active elsewhere in western Pennsylvania. Local iron ore long has been supplanted in the area's iron and steel industry chiefly by ore from the Lake Superior region, and most limestone now is brought in by river barges. Coal has been mined out in much of the county, mostly underground but also by surface mining, although significant coal production still can be expected for some years, and coal in adjacent areas probably will be sufficient for power and industrial needs for many decades. Western Pennsylvania was the birthplace of the oil and gas industry, but production has not met local requirements for many years.
The legacies of two centuries of development are many. On the positive side is a varied, vital society, relatively stable in population, having established institutions and a broad economic base. Negative aspects include environmental problems. The consensus of the scientific and technical community of the region is that the principal problems of the physical envire:nment, exclusive of urban and industrial contamination of air and water, are flooding, landsliding, and "mine subsidence," that is, surface subsidence due to underground mining. Other problems are mine-water discharge, effects of surface coal mining, foundation conditions, water supply, waste disposal, shortages of construction aggregates and other resources, and redistribution of earth materials during development.
PURPOSE AND SCOPE OF THIS REPORT
In planning the present series of studies, two basic questions, therefore, were raised. What areas of geologic and hydrologic knowledge were most needed to address the principal problems perceived? Which of these areas of deficient knowledge could be improved in a relatively short time, considering available manpower and support?
In early 1973, answers to the first question were: knowledge of flooding and areas susceptible to flooding was generally well advanced, due chiefly to work by the U.S. Army Corps of Engineers, the National Weather Service, and existing USGS hydrologic programs; knowledge of susceptibility to countywide landsliding was wholly inadequate for application to improved land-use planning; knowledge applicable to amelioration of the problem of surface subsidence over underground coal mines was fairly complete in some aspects and in others lacking or inadequate.
In response to the second question, it was decided to concentrate on landsliding, and to conduct the studies so that they applied to other problems as well.
This report describes and summarizes results of the studies, now complete, and their geologic and hydrogeologic products that are elements of the larger USGS contribution to a broad Appalachian Regional Commission (ARC) "Land use and physical resource analysis" (LUPRA) program; product applications are also discussed. USGS reports described herein contribute to ongoing USGS research on environmental problems of the greater Pittsburgh region, an area that includes Allegheny County and five adjacent counties.
The principal geographic focus of the USGS-LUPRA studies was Allegheny County, but three map products also include Washington and Westmoreland Counties ( fig. 1) , and results of other studies in Allegheny County also have broader application.
LIST OF FINAL REPORTS
The prime results of this effort have been published separately; the reader should treat these geologic and hydrogeologic products as appendices to this report. Maps are symbolized in black and white, allowing users to emphasize distinctions important to their purposes by adding colors. 
OPEN-FILE REPORTS
In addition to published reports, 43 maps of landslide susceptibility and man-modified land have been released in open file. Although data from these maps are included in published maps MF-685B and MF-685C, the open-file maps constitute sources of somewhat more complete and detailed information chiefly owing to their larger scale, 1:24,000 (1 in. = 2,000 ft; 1 cm = 240 m) as opposed to 1:50,000 (1 in.= 4,170 ft; 1 cm = 500 m), the scale of the final Allegheny County maps.
The open-file maps are available for public inspection and copies may be purchased at cost of reproduction from:
Department 
OTHER PARTICIPANTS IN THE APPALACHIAN REGIONAL COMMISSION'S LAND-USE AND PHYSICAL-RESOURCE ANALYSIS PROGRAM

Department of Planning and Development, County of Allegheny (ACDPD).
Contributions of the ACDPD include: Analysis of previous landslide history, experience, and costs; analysis of previous governmental action in controlling development of areas susceptible to landsliding and other physical hazards; analysis of existing ordinances and preparation of model land-use-control ordinances; education of the public concerning landsliding and other hazards; and encouragement of adoption of land-use-control ordinances by local jurisdictions.
Center for the Study of Environmental Policy, the Pennsylvania State University (PSEP). Until recently there has been available little systematized information on the perceptions of needs for geological data on the part of planners and decision makers in south- 
LIMITS OF APPLICATION OF USGS-LUPRA REPORTS
In following sections of this report, methods used to prepare reports are described and potential applications are discussed.
Reports contain three kinds of information: (1) Maps generally applicable to classification of land relative to processes and problems, (2) tables and diagrams for better understanding of processes and for enhancement of map information, and (3) explanatory texts. Hydrogeologic reports here largely are tables and diagrams, containing map and text information. One g-eologic report, in addition to the present report, is in book form, but all others are maps, some accompanied by appreciable marginal information in texts, tables, diagrams, or subsidiary maps.
Maps are divided into separate zones or areas by lines and symbols, and map explanations and accompanying-marginal information describe attributes of these areas. The maps are intended as tools for planning-, at levels defined by the scales of the maps. Appreciable variation can be found within outlined areas, and boundaries between areas largely are gradational over tens and, locally, hundreds of feet. The information given for a particular symbolized area thus is a general statement of expected conditions and must not be taken as rigidly applicable to all localities within that symbolized area. The maps call attention to potential problems or likely attributes, but they must not be used as substitutes for detailed investigations of specific sites by competent technical personnel.
DESIGNED PRODUCT AUDIENCES
The USGS-LUPRA reports were designed chiefly for two potential user groups: (1) Persons concerned with problems of the environment but not having extensive technical training or background, such as interested private citizens and most of those responsible for making decisions affecting the public welfare and (2) a technical audience, principally engineers and engineering-geologists and hydrologists but including other technically-oriented persons, such as some planners, contractors, and developers. In the discussion of potential report applications, the orientation of reports toward the first group is described as "nontechnical" that toward the second group as "technical." However, there is a broad and not well-defined overlap between technical and nontechnical reports and groups, so a nontechnical person can likely get understandable information from a report that is chiefly technical. On the other hand, a technical reader may find a nontechnical report very useful. Some of the reports are expected to appeal to wider audiences, such as scientists, for background for more detailed work on specific aspects of the physical environment, and high-school and college educators.
BASE MAPS
Base maps provide a frame of reference that enables readers to locate data points and other localities on the ground by reference to common, readily recognizable features such as roads, streams, and hills.
The base maps used during investigations and for the provisional products of the earthdisturbance inventory were USGS quadrangle topographic maps of the T^-minute series at a scale of 1:24,000 (1 in. = 2,000 ft; 1 cm = 240 m). They are identified in figure 3.
The base map for final Allegheny County reports was prepared by reducing-topographic maps of the TV^-minute series from a scale of 1:24,000 to 1:50,000, followed by preparation of a controlled mosaic. Scale 1:50,000 (1 in.= 4,170 ft; 1 cm = 500 m) was selected to conform with the scale of the new county-base-map series of the Pennsylvania Bureau of Topographic and Geologic Survey.
The base map for the three mining-related reports that include Allegheny, Washington, and Westmoreland Counties was adapted from the USGS Greater Pittsburgh region topographic map at 1:125,000 (1 in. = 2 mi; 1 cm = 1,250 m or 1.25 km). This also is the regional scale used by the Southwestern Pennsylvania Regional Planning Commission.
A variety of map scales and base materials were used in reports of the hydrogeologic studies.
GEOLOGIC STUDIES EARTH-DISTURBANCE INVENTORY AND ANALYSIS OF SUSCEPTIBILITY TO LANDSLIDING
METHODOLOGY
An earth-disturbance inventory presents, in map form, surface features of the earth that differ from or contrast with an interpretive view of the expression that the ground surface would have if only continuous and gradual geologic processes, such as stream erosion and sedimentation, were acting upon it. An earthdisturbance inventory thus includes three general categories of features: 1. Those disturbances that chiefly involve earth materials in their natural setting and that may or may not have been caused or influenced by human activity in Allegheny County chiefly landslide deposits from natural or man-modified slopes but also including features such as the surface expression of subsidence in areas that have been undermined. 2. Features that are the inadvertent effects of natural processes on earth materials that have been moved by man in Allegheny County chiefly landslides from fills and embankments but also including such features as the expression of excessive erosion of rearranged earth materials and resulting sedimentation. 3. Earth features that are the intended or unavoidable results of human activity examples : highway cuts and embankments, surface mines, mine dumps, slag heaps. This category approximates "disturbed ground" or "disturbed land" in common usage. The inventory had two main steps: (1) interpretation of aerial photographs; (2) verification of findings in the field, largely by traversing the dense road network of the area, using off-the-road traverses as needed. Analysis of susceptibility to landsliding proceeded concurrently and involved the correlation of landslide distribution, as revealed by the inventory, with available geologic, geomorphic, and soil survey data.
The use of aerial photographs for mapping of surface features resulting from human activities is as old as aerial photography, but systematic interpretation of the phenomena of landsliding from aerial photography is relatively new. It was used extensively by USGS personnel during the San Francisco Bay region studies (SFBRS) in California and locally elsewhere.
The SFBRS landslide maps were made using existing aerial photographs, some older than 10 years at the time of the studies and all taken for different purposes at a variety of nominal contract-print scales, rarely much larger than 1:24,000 (1 in. = 2,000 ft; 1 cm= 240 m). Time available for field verification, or "ground truth," was minimal or, in some areas, lacking. Although this work was remarkably successful and the results were well received by potential users in the region, those who did the SFBRS mapping advised that better results could be obtained by using larger scale photography and by including an allowance of time for verification on the ground (Tor H. Nilsen, oral commun., 1972) . This advice was accepted in planning the Allegheny County inventory. Moreover, the SFBRS photographic interpretation concentrated on landslides exclusively, but the scope of the Allegheny County inventory included man's surface effects, which are changing constantly. To show this, aerial photography as current as possible was planned.
Aerial photographs of Allegheny County were taken for the specific purpose of the study, largely in April, 1973, because photographs without the dense summer foliage were necessary. The nominal scale of contact prints of the photography is 1:12,000 (1 in. = 1,000 ft;l cm=120 m); they are black and white.
Aerial-photographic interpretation by the investigators, W. E. Davies and J. S. Pomeroy, was completed by June 1974. Field verification was accomplished during sporadic one-or twoweek visits to Allegheny County. Investigations averaged about 3 weeks of interpretation and 1 week of field verification for each complete 71/£-minute quadrangle (about 57 mi2 ; 148 km2 ), or 1 man-month per quadrangle.
Allegheny County includes about 728 mi2 (1,886 km2) and is equivalent in area to about 13 71/£-minute quadrangle maps. However, because county and quadrangle map boundaries do not coincide, 23 separate quadrangle maps are required for countywide coverage (fig. 4) , and these quadrangles also cover appreciable parts of adjacent counties. Because of this overlap and because aerial-photographic coverage extended short distances beyond the Alle-gheny County boundary, interpretation and verification was carried into small parts of the adjacent counties, with the result that a total of about 850 mi2 (2,200 km2 ) was inventoried.
REPORTS
Provisional maps are titled landslide-susceptibility and land-modified-by-man maps. They include all or almost all the area of 10 quadrangles (only 4 completely within Allegheny County) and parts of 13 quadrangles. Separate landslide-susceptibility and landmodified-by-man maps were prepared for each of 20 full or partial quadrangles; both landslide-susceptibility and land-modified-by-man information were combined on 3 partial quadrangles. In total, there thus are 43 separate maps, each at the scale of 1:24,000; they are listed earlier in this report.
The ponds, reservoirs, and settling basins. Information and insights resulting from the earth-disturbance inventory and analysis of susceptibility to landsliding contributed directly to four final reports of the USGS-LUPRA program. Two are described below; the other two, maps of mining features and zones that can be affected by landsliding, flooding, and undermining, are described in the later section concerning integration of results of the, geologic studies. This separation, though.somewhat artificial, has a logic because the latter maps also contain appreciable information that did not result from the inventory and analysis.
Map of susceptibility to landsliding, Allegheny County, Pennsylvania, by John S. Pomeroy and William E. Davies, 1975 . U.S. Geological Survey Miscellaneous Field Studies Map MF-685B. Scale, 1:50,000. Essentially all features shown on the provisional landslide sus-ceptibility maps were transferred to the Allegheny County base map, within limitations imposed by scale, except that features outside the county boundaries were not transferred. Shown on this black-and-white map as highly sensitive to disturbance by man are areas mapped as recent landslides, prehistoric landslides, and slopes having three categories of susceptibility to landsliding. Also shown are steep slopes prone to rockfall and manmade fills that may be subject to failure. More than 2,000 recent and prehistoric landslide areas were mapped; slopes that may be susceptible to significant landsliding underlie about 110 mi2 (285 km2 ) or 15 percent of the county. Marginal sketches illustrate types of landslides and conditions typical of the area. A small-scale geologic map, columnar section, and explanatory text are included. Figure 5 is a reduced, simplified version of this map. , Pennsylvania, by Reginald P. Briggs, William E. Davies, and John S. Pomeroy. 1975 . U.S. Geological Survey Circular 728. Owing to the limited space for marginal information on the map of susceptibility to landsliding (MF-685B), much information applicable to that map was assembled into this companion report. A small amount of information is repeated so that the reader will find the report useful if he does not at the same time have the map for reference. The report contains nontechnical advice to buyer, builder, and homeowner; describes actions to be avoided on susceptible slopes; describes geologic setting, geologic factors affecting susceptibility to landsliding, and selected landslide localities; and includes a glossary, photographs, and other illustrations.
Landsliding in Allegheny County
APPLICATIONS OF REPORTS
The l:24,000-scale provisional landslide-susceptibility maps and the resulting 1:50,000-scale map of susceptibility to landsliding (MF-685B) are directly applicable to the general classification of land on both nontechnical an4 technical levels. Nontechnical users can see which parts of the county are likely to be susceptible to landsliding by coloring as one group the map units bracketed as "highly sensitive to disturbance by man," whereas technical users can interpret the map-unit descriptions to find general degrees of susceptibility for their purposes. Because susceptibility to landsliding is a function of instability of materials on slopes, these maps also have direct bearing on foundation and earthworking conditions. The 1:50,000 scale map is more applicable to countywide planning owing to the format, and it has explanatory information that is oriented particularly toward the nontechnical reader. On the other hand, there is a slight loss of detail and content due to the reduced scale.
The companion report on landsliding (Circular 728) largely is intended for nontechnical users, but technical users may find that the discussions of geologic factors and setting are useful summaries and that the brief case histories of the selected landslide localities are helpful relative to other sites in the area.
The open-file maps of land-modified-by-man are basically nontechnical in nature, depicting changes in the land surface, and thus are directly applicable to land-use classification, including surface mining and earthworking activity. Abandoned surface mines are also important sites for current and potential disposal of solid waste, and slag dumps and coalmine-irefuse piles are current and potential sources of construction aggregates.
MAPS SHOWING UNDERGROUND COAL-MINING ACTIVITY THAT CAN RELATE TO SURFACE SUBSIDENCE, ALLEGHENY, WASHINGTON, AND WESTMORELAND COUNTIES, PENNSYLVANIA
METHODOLOGY
The first two of the three black-and-white maps (MF-693A and MF-693B) described below were compiled largely by conventional methods from existing map information, but the second required appreciable effort in the search for data, and both required development of new information on overburden thickness by comparing topography and geologic structure. In addition, the principal investigator, Kent Bushnell, was able to expand the content of the maps to include appreciable data on subsidence events through cooperation of William W. Beck, Jr. (A. W. Martin Associates, King-of-Prussia, Pa.) who had collected this information in the course of work on another project sponsored by the ARC. The third map (MF-693C) resulted from comparison of the first two and from consideration of geologic and mining factors. Tables accompanying the maps were prepared in part by comparing the incidence of subsidence events to housing-density information.
REPORTS
Although the USGS-ARC reports were intended to treat only parts of Washington and Westmoreland Counties, it was possible to expand the geographic focus to include these entire counties ( fig. 1) . The reports are:
Map showing depth to the Pittsburgh coal bed, mining activity and related surface subsidence, Allegheny, Washington, and Westmoreland Counties, Pennsylvania, by Kent Bushnell. 1975 
. U.S. Geological Survey Miscellaneous Field Studies Map MF-693A.
Scale 1:125,000. The map shows the extent of the coal bed and subdivides it on the basis of three periods of completed and potential mining (mined out before April 27, 1966; mined out between April 27, 1966 and June 30, 1974; potentially mineable after June 30, 1974) and three categories of overburden thickness 0 to 200 ft (0 to 61 m); 200 to 500 ft (61 to 152 m); greater than 500 ft (152 m). Locations of recorded damaging subsidence events are shown, and a table relates these locations to mining periods and thickness of overburden. Factors bearing on mining-induced surface subsidence and the incidence of subsidence are discussed in the accompanying text. To give the reader a view of the area potentially subject to subsidence from Pittsburgh coal-bed mining, the part of the three counties undermined for the Pittsburgh coal bed prior to June 30, 1974, is shown in reduced form in figure 6 .
Map showing depth to the Upper Freeport coal bed, mining activity and related surface subsidence, and the Bedstone coal bed mines, Allegheny, Washington, and Westmoreland Counties, Pennsylvania, by Kent Bushnell and John R. Peak, 1975 
. U.S. Geological Survey Miscellaneous Field Studies Map MF-693B.
Scale 1:125,000. This map shows and discusses the same subjects relative to the Upper Freeport coal bed as does the above map relative to the Pittsburgh coal bed. In addition, it shows the locations of some mines in the less important Redstone coal bed. Figure 7 shows at a reduced scale the extent of Upper FVeeport undermining as of June 30, 1974 . Allegheny, Washington, and Westmoreland Counties, Pennsylvania, by Kent Bushnell. 1975 
Map showing areas that correlate with subsidence events due to underground mining of the Pittsburgh and Upper Freeport coal beds,
. U.S. Geological Survey Miscellaneous
Field Studies Map MF-693C. Scale 1:125,000. The three-dimensional map data of the above two maps (MF-693A and MF-693B) were analyzed and combined to yield this two-dimensional classification of the land surface. Four basic categories include: (1) areas that correlate with high numbers; (2) moderate numbers; (3) minor numbers of damaging subsidence events due to present or potential undermining; (4) duction of this map in which areas correlating with high and moderate numbers of events are combined.
APPLICATION OF MAPS
The abundant information on the first two maps largely will be meaningful only to the technical audience. The overburden-thickness information is applicable to the mine-subsidence problem, but thickness of overburden also bears directly on the potential for surface mining and thus also on resource considerations. Areas mined out and potentially mineable underground areas are factors in subsidence and resource potential, and undermining is a factor in ground-water supply and mine-water discharge.
The third map is a nontechnical report that is directly applicable to regional planning relative to the potential for damaging surface subsidence, one aspect of foundation conditions. From it also can be read the extent of undermining through 1966.
INTEGRATION OF RESULTS OF THE GEOLOGIC STUDIES WITH EXISTING DATA AND SUMMARY OF GEOLOGIC AND HYDROGEOLOGIC RESULTS
METHODOLOGY
The first map described below (MF-685C) is taken largely from the 1:24,000 scale provisional maps of land-modified-by-man, by reduction to scale 1:50,000 and compilation on the Allegheny County base map. Although most of the provisional maps contain information beyond the borders of Allegheny County, compilation on the county base map was restricted to Allegheny County only. Moreover, it was decided to transfer to the county base map only coal-mining and other mineral industry features. This decision was based largely on the fact that the other features on the maps of land-modified-by-man are related chiefly to development from 1969 to 1973. These maps, .though differently derived and at different scales, approximate those of the USGS-LUPRA Allegheny County land-use-change map prepared by the USGS, description of which is beyond the scope of this report. The resulting map of coal-mining features was completed by adapting map areas shown as undermined on the Pittsburgh coal bed (MF-693A) and Upper Freeport coal bed (MF-693B) maps described above. The second map described below (MF-685D) was prepared by generalizing the map of susceptibility to landsliding (MF-685B) and the map of coal-mining features and combining the generalizations with a compilation and reduction of flood-prone area maps. Figure 9 shows the general limits of flood-prone areas in Allegheny County. The map of rock types in bedrock (MF-685A) is a combination of interpretations from soil-survey work and information chiefly from published geological and engineering reports.
Most compilation for integrated maps was by William R. Kohl; the present writer largely was responsible for the preparation of texts and tables and for the assembly of maps, texts, and tables for publication.
Illustrations accompanying this report summarizing the geologic and hydrologic studies were reduced by photomechanical transfer from the appreciably larger originals. The reductions were then simplified and generalized as page-size maps. County, Pennsylvania, by William E. Davies, John S. Pomeroy, and William R. Kohl. 1975 .
REPORTS
Map of coal-mining features, Allegheny
U.S. Geological Survey-Miscellaneous Field
Studies Map MF-685C. Scale, 1:50,000. Three categories of information are shown: (1) extent of mined and mineable coal in the Pittsburgh and Upper Freeport coal beds; (2) surface features related to underground mining; and (3) features resulting from surface mining and other activity. Included in the second category are mine entries, mined-out areas, mine and coal-bed fire areas, refuse banks, and areas of probable past surface subsidence identified through aerial-photogrjaphic interpreta-r FIGURE 9. Generalized map of flood-prone areas (shown in black) Allegheny County, Pa.
tion. In the third category are surface (strip) mine areas, surface-mine high walls, and slag dumps. Underground mining has taken place under about 250 mi2 (648 km2 ) or 35 percent of the county ( fig. 10) . Surface mining has disturbed about 30 mi2 (78 km2 ), or less than 5 percent of the county. The coal beds are related tcrthe geologic setting by the accompanying [ small-scale geologic map and columnar section; a brief text supplies additional information.
Map of zones where land use can be affected by landsliding, flooding, and undermining, Allegheny County, Pennsylvania, by Reginald P. Briggs and William R. Kohl 1975 
. U.S. Geological Survey Miscellaneous Field Studies
Map MF-685D. Scale, 1:50,000. This map provides a general land classification relative to the three named processes. Areas are numbered from slashed zero (0) to 3 depending on how many of the processes can affect a given locality. Letter suffixes identify which of the processes are of concern. The accompanying text compares effects of the processes, suggests how the map can be used, and lists sources of more detailed information. Figure 11 is a reduced and simplified version of the map.
are shown by horizonta show approximate Ohio, AUegheny, and Monongahela 0/ rocfc ^pes in bedrock of Allegheny bounty, Pennsylvania, by William R. Kohl and Reginald P. Briggs. 1975. U.S. Geological Survey Miscellaneous Field Studies Map MF-685A --Scale, 1:50,000 FIGURE 11. Generalized map of Allegheny County showing areas that can be affected by one or more processes of flooding, landsliding, and undermining. Areas which can be affected by all three processes are indicated by 3 and black pattern; affected by two processes by 2 and horizontal lines; affected by one process by 1 and dotted pattern; unlikely to be affected by 0 and no pattern. Reginald P. Briggs. 1977. U.S. Geological Survey Circular 747 . This report.
Environmental geology, Allegheny County and vicinity, Pennsylvania description of a program and its results by
APPLICATIONS OF REPORTS
The map of coal-mining features (MF-685C) has both technical and nontechnical applications. As examples of the former, surface mines are sites of current and potential storage of solid waste, and construction aggregates can be mined from coal-mine-refuse piles and slag dumps. In addition, the distribution of surface mines and areas undermined provides a view not only of areas currently affected by coal mining but also of areas that may be mined in the future. This view is important in both mineral-resource and environmental-problem considerations. Nontechnical users may find the map valuable for general land classification, provisional home-site selection, and recreation.
A general nontechnical land classification is provided by the map combining information on landsliding, flooding and undermining (MF-685D). The chief application is tentative identification of potential problems for the selection of sites for residential, public, commercial, industrial, and transportation purposes, but the information also may be applied to existing structures and other features.
The map of rock types in bedrock (MF-685A) is largely technical in content, but instructions are provided that will allow the nontechnical user to make provisional identifications of some engineering characteristics of bedrock, such as facility of excavation, stability of cut slopes, and foundation strengths. Specific rock-type characteristics, though largely from published sources, previously have not been assembled in one publication. The technical user may find this summary applicable to planning a variety of works.
The present report summarizes the studies and their reports and presents a general view of the principal factors that may limit land use for some purposes. It classifies the reports by potential applications, and with its smallscale illustrations provides a regional overview of environmental factors.
HYDROGEOLOGIC STUDIES RECONNAISSANCE APPRAISAL OF THE ROLE OF SHALLOW GROUND WATER IN MINING AND SLOPE-STABILITY PROBLEMS, INCLUDING PROBLEMS ASSOCIATED WITH PERIODS OF INTENSE PRECIPITATION SUCH AS ACCOMPANIED TROPICAL STORM "AGNES" IN JUNE 1972, ALLEGHENY COUNTY, PENNSYLVANIA
METHODOLOGY
Ground water in rocks and soils above the levels of stream channels in adjacent valleys generally is considered shallow for present purposes. For example, in an area where topographic relief (the vertical distance from valley bottoms to adjacent ridge crests) is about 300 ft (91 m), the zone of shallow ground water is about 300 ft (91 m) thick beneath ridge crests, thinner beneath slopes, and very thin beneath valley bottoms. In Allegheny County, the shallow ground-water regime has been believed to be interrelated significantly with landsliding and mining, but the validity of this belief has not been systematically tested until the present study. The aim of the reconnaissance appraisal was to systematize and enhance knowledge of the shallow groundwater regime. There were no known precedents so the methodology used by the principal in>-vestigator, Seymour Subitzky, was innovative. The steps followed were: 1. A thorough search of the geologic, hydrologic, and engineering literature for data and theory relevant to the Allegheny County setting, and analysis of the results of the search. 2. A widespread series of interviews with technical personnel in a variety of employments, fo»r the purpose of gleaning applicable unpublished data and unwritten insights. 3. Field investigations viable within the framework of available time and support. 4. Synthesis of results into reports.
Steps 2 and 3 continued simultaneously, and there were no firm time lines to other steps because obscurely published applicable material was found occasionally and analysis of some factors became possible only with synthesis relative to others.
Step 2 was particularly time consuming, but produced valuable information.
REPORTS
The result of the reconnaissance appraisal is a series of five reports in chart form.
Summary These small basins, totaling about 12 mi 2 (31 km2 ) in area, in many respects are typical of the setting of the parts of Pittsburgh's urban fringe that are closely underlain by mined-out coal beds. Two series of water-quality measurements were made, one during a period of low base flow and one during a period of high base flow, and the results are tabulated, shown by symbols on maps, and discussed in the accompanying text.
APPLICATIONS OF REPORTS
The summary of the hydrogeologic regime (MF-641A) supplies the basic background for the succeeding four reports, although in large part they can be used independently. The orientation of the summary largely is toward a technical audience. The two sheets of the hydrogeologic framework chart (MF-641B) provide technical and nontechnical readers with insight into the ways that shallow groundwater moves, and resulting applications to aspects of mine-water discharge and water supply both under natural conditions and as affected by fracturing related to mine subsidence. Further application is to the interplay of solid waste and ground-water circulation. The mining-and-related-problems chart (MF-641C) is oriented somewhat more toward the technical reader than is the hydrogeologic framework chart, and it focuses more closely on the effects of mine subsidence. The information in the fourth chart (MF-641D) largely is technical, but the nontechnical reader also will find the relation between heavy storm precipitation and landsliding of interest. Experience from tropical storm "Agnes" should prompt advance planning to ameliorate unstable conditions and thus reduce landsliding under future similar rainfall conditions. The technical report on the McLaughlin Run and Painters Run basins (MF-641E) enhances knowledge of the effects of undermining and urbanization on water quality. Recognition that similarly complex effects may apply in similar basins can be beneficial in water-supply planning and related efforts.
SUMMARY OF RESULTS AND FINDINGS
In table 1, potential applications of reports of the USGS-LUPRA geologic and hydrogeologic studies are summarized. Reports are identified by series (MF or Circular), numbers, and abbreviated titles.
LANDSLIDING
The open-file landslide-susceptibility maps at scale 1:24,000 and the Allegheny County map of susceptibility to landsliding (MF-685B) at scale 1:50,000 constitute a knowledge of distribution of landslides and susceptibility to landsliding that heretofore did not exist, and the map of zones (MF-685D) contains a nontechnical generalization of this information. The many landslides that resulted from tropical storm "Agnes" (MF-641D) demonstrate the marginal stability of many slopes. The re-' port on landsliding in Allegheny County (Cir- gS |S ai §i j*K IS cular 728), the Allegheny County rock-type map (MF-685A), and the hydrogeologic summary and framework charts (MF-641A and MF-641B) provide insight into factors that influence landsliding.
In summary, knowledge of susceptibility to landsliding now is wholly adequate for general planning in Allegheny County, and past and future detailed studies of specific slopes and landslide events now can be included in this countywide frame of reference. About 110 mi2 (285 km2 ) or 15 percent of Allegheny County has some significant susceptibility to landsliding.
FLOODING
Little USGS-LUPRA effort was directed at flooding by rivers and streams, due to the generally well-advanced work on the subject by previous workers, and the fact that needed studies of dynamic hydrologic processes were not so amendable to short-term attention as were the studies carried out.
However, the chart concerning heavy storm precipitation (MF-641D) deals with a floodrelated incident and provides a compilation of flood history related to extratropical storms, and the 1:50,000-scale Allegheny County map of zones (MF-685D) combines information about distribution of flood-prone areas with information about landsliding and undermining.
MINE SUBSIDENCE
The problem of mine subsidence was addressed specifically. The map of Pittsburgh coalbed features in Allegheny, Washington, and Westmorland Counties (MF-693A) and the similar map of Upper Freeport coalbed features and Redstone coalbed mines (MF-693B) are basic data contributions; these were synthesized to produce the map of areas that correlate with subsidence events (MF-693C) which classifies land relative to the potential threat of subsidence, at the regional scale of 1:125,000.
Areas identified as undermined in Allegheny County were adapted to the coal-mining features map (MF-685C) at scale 1:50,000 and were recombined with other information to yield the nontechnical map of zones (MF-685D) at the same scale. The hydrologic chart on mining and related problems (MF-641C) deals with the effects of undermining and subsidence on the shallow ground-water regime, and the McLaughlin Run and Painters Run basin chart (MF-641E) reflects this relationship in a local case historyIn the course of the Allegheny County earthdisturbance inventory an experiment was attempted to define subsided areas by aerialphotographic interpretation. The results were promising, although the method needs refinement.
Specific findings relative to undermining and subsidence are: 1. The record of subsidence events doubtless is very incomplete (MF-693A, MF-693B). 2. Legislation by the Commonwealth of Pennsylvania in 1966 enabled the development of regulations and the necessary administrative machinery to reduce the minesubsidence hazard from post-1966 bituminous coal mining (MF-693C) to a minimum. 3. Damaging mine subsidence now is chiefly, but not exclusively, a threat over areas undermined many years ago which have relatively thin less than 200 ft (61 m) overburden (MF-693C). 4. Compared with flooding and landsliding, incidents of subsidence damage owing to undermining are infrequent and least expensive to the overall community. However, they probably are most damaging and expensive to the average individual involved in one of the relatively rare events (MF-685D). 5. Undermining and consequent subsidence have fractured overlying rocks widely and affected the shallow ground-water regime to an extent probably greater than heretofore believed (MF-641C). 6. A large effort would be required to allpw even a moderately precise prediction of damaging subsidence events in undermined areas of the bituminous coal fields, and considering the relatively low level of subsidence losses, such an effort might not repay its costs. 
OTHER PROCESSES AND PROBLEMS
As indicated in preceding sections and summarized in table 1, USGS-LUPRA studies also apply to other environmental processes and problems, mainly the syntheses of existing information, such as the summary of hydrogeologic regime (MF-641 A), the maps of coal beds in Allegheny, Washington, and Westmoreland Counties (MF-693A and MF-693B), and the Allegheny County rock-type map (MF-685A) ; the studies also resulted in new information and insights, such as the provisional maps of land modified by man, and the hydrogeologic charts on mining and related problems (MF-641 C) and the McLaughlin Run and Painters Run basins (MF-641E). The more significant of these ancillary contributions relate to mine-water discharge, surface mining, foundation conditions, water supply, and landuse classification.
